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Abstract 
We have investigated how point mutations in the two ATP-binding motifs (G463pNGCGK469ST and G7°IPNGAGK7°7ST) of 
elongation factor 3 (EF-3) affect ribosome-activated ATPase activity of EF-3, polyphenylalanine synthesis, and growth of Saccharomyces 
cerevisiae. The point mutation impaired the ribosome-activated ATPase activity of EF-3, when glycine 463 and 701 and lysine 469 and 707 were 
replaced with valine and arginine, respectively. Thus, each glycine and lysine residue in both ATP-binding motifs is indispensable for 
EF-3's binding with ATP and the ensuing generation of ribosome-activated ATPase activity. Additionally, the mutant EF-3s did not 
catalyze polyphenylalanine synthesis in vitro when each glycine 463 and 70~ was replaced with valine. The mutant EF-3s did not support cell 
growth in TEF3-disrupted S. cerevisiae, when each lysine 469 and 707 and glycine 463 was replaced with arginine and valine, respectively. 
Thus, each of the two ATP-binding motifs of EF-3 is indispensable for the ribosome-activated ATPase activity of EF-3, which is required 
for protein synthesis and cell growth in S. cerevisiae. 
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1. Introduction 
Most organisms require: two elongation factors (EFs) in 
their polypeptide chain elongation cycle: EF-Tu and EF-G 
in prokaryotes and EF-1 and EF-2 in eukaryotes. EF - la  
and EF-2, respectively, catalyze the binding of aminoacyl- 
tRNA (a.a.-tRNA) to the ribosome and the translocation of 
peptidyl-tRNA from the A-site to the P-site. EF-3 is 
uniquely required by fungal ribosomes for protein synthe- 
sis, and it exhibits ribosome-activated ATPase and GTPase 
activities that are not intrinsic to the fungal ribosome [1,2]. 
The ATPase activity of EF-3 plays an essential role in 
driving the peptide elongation cycle. The amino acid se- 
Abbreviations: a.a.-tRNA, amino acyl-tRNA; EF-3, elongation factor 
3; 5-FOA, 5-fluoro-orotic acid; GST, glutathione-S-transferase; PCR,
polymerase chain reaction; TEFt, the gene encoding EF-3; wt, wild-type. 
* Corresponding author. Fax: +81 (467) 465320; e-mail: 
miyamotc @a 1 @ rtod02. 
H.Y. and K.H. contributed equally to the results presented in this 
paper. 
0167-4889/96/$15.00 © 1996 Elsevier Science B.V. All rights reserved 
SSDI 0167-4889(95)00179-4  
quence of EF-3 contains a repeat of the Walker A and B 
motifs which bear ATP-binding sites and serve to couple 
ATP hydrolysis to protein synthesis [3]. The presence of 
the repeated Walker A and B motifs is a unique feature of 
EF-3, whereas one set of the Walker A and B motifs is 
commonly found in such nucleotide-binding proteins as 
ATP synthases, kinases, EFs, myosin, and Ras proteins [4]. 
The Walker A and B motifs of EF-3 from Saccharomyces 
cerevisiae were separated by 91 amino acid residues in 
one case and by 206 in the other [3]. The latter amino acid 
residues located in the C-terminal half of EF-3 contained 
an amino acid sequence homologous to that for a.a.-tRNA 
synthetase. The conserved amino acid sequence identified 
in the two Walker A motifs of EF-3 comprises a phosphate 
binding loop that has been shown to be essential for the 
binding of the nucleoside triphosphates in the ATP-binding 
cassette family proteins [5]. Using site-directed point muta- 
genesis, we have variously replaced the conserved 
glycine463 and 701 and lysine 469 and 707 residues in the nu- 
cleotide-binding motifs of EF-3 with valine and arginine, 
respectively. Both amino acids are conserved in this motif, 
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and the lysine residue is predicted to interact directly with 
the /3- or y-phosphate of the bound ATP [5]. Here we 
show that both nucleotide-binding motifs are essential for 
the ribosome-dependent ATPase activity, polyphenyl- 
alanine synthesis, and cell growth of S. cerevisiae. 
2. Materials and methods 
2.1. Construction of the expression plasmid for the wild- 
type (wt) and mutated EF-3 proteins 
The plasmid YEplac195 [6] was a generous gift from 
Dr. A. Sugino in the Research Institute for Microbial 
Disease, Osaka University, Osaka, Japan. To construct the 
expression plasmid in S. cerevisiae, the 3.93 kb DraI 
fragment encoding EF-3 was subcloned into the HinclI 
site of pUC19. The BamHI-PstI fragment was isolated 
from pUC19-TEF3 and then inserted into the BamHI-PstI 
sites of YEplac195 and pRS414 (Stratagene, La Jolla, 
USA). The resultant plasmids were designated as p195- 
TEF3 and pRS414-TEF3. A single, point mutation was 
introduced into each of the two ATP-binding motifs of the 
TEF3 gene by the polymerase chain reaction (PCR) using 
the mutated oligonucleotide primer; two fragments, one 
from the N-terminal half side and the other from the 
C-terminal half side, were constructed for each motif. 
After amplification of the two fragments in which the 
mutated sequences were overlapped, they were combined 
by a polymerization reaction through the mutated sequence 
using PCR. As a result, 770 bp SalI-BstEII and 353 bp 
BstEII-BglII fragments were amplified and substituted for 
the same fragments encoding the wt EF-3 to introduce the 
mutation from GGT (glycine) to GTT (valine) or from 
AAG (lysine) to AGG (arginine) in pRS414-TEF3. To 
introduce double mutations, both mutated fragments were 
ligated and the resultant 1.12 kb SalI-BglII fragment was 
substituted for the same fragment in pRS414-TEF3. The 
resulting five plasmids were designated as pRS414-MO1 to 
-M05. 
To construct an expression plasmid for the glutathione- 
S-transferase (GST)-EF-3 fusion protein in Escherichia 
coli, the 3.25 kb XbaI-DraI fragment was ligated with a 
40 bp BamHI-XbaI synthetic DNA containing the initia- 
tion codon of EF-3 next to the BamHI site, and the ligated 
3.29 kb fragment encoding EF-3 was inserted into the 
pGX-2T vector (Pharmacia, Tokyo, Japan). The resultant 
plasmid, pGX2T-TEF3, was then transfected into E. coli 
DH-5. To produce the mutated EF-3 in E. coli, the 770 bp 
and 353 bp fragments containing the mutated sequences 
were substituted for the same fragments in pGX2T-TEF3, 
as described previously. 
2.2. Protein expression and purification 
The GST-EF-3 fusion protein was produced in E. coli 
DH-5 by induction for 5 h after the addition of 1 mM 
isopropyl fl-D-thiogalactopyranoside. GST-EF-3 was puri- 
fied from cell lysates by glutathione sepharose-4B affinity 
chromatography b elution with 15 mM glutathione in 50 
mM Tris-HC1 (pH 7.5). Fractions containing GST-EF-3 
were combined, dialyzed against phosphate-buffered saline 
to remove glutathione, and re-purified on the glutathione 
affinity column. GST-EF-3 fusion protein was cleaved by 
thrombin and applied onto the glutathione sepharose-4B 
column. A mature form of EF-3 was recovered in the 
flow-through fraction and washing fraction with 50 mM 
Tris-HC1 (pH 7.5) and 150 mM NaC1. 
2.3. Immunological detection of the wt and mutated EF-3 
proteins produced in E. coli 
EF-3-specific monoclonal antibody was prepared by 
immunizing mice with a natural EF-3. A mouse mono- 
clonal antibody, 6A10, could detect he C-terminal domain 
of EF-3. Details on preparing 6A10 will be described 
elsewhere. Immunoblot analysis of the wt and mutated 
EF-3 proteins was performed by the procedure using goat 
anti-mouse antibody alkaline phosphatase streptoavidin 
conjugate and Nitroblue tetrazolium/5-Bromo-4-chloro- 
3-indolyl phosphate as substrate (Amersham, UK). 
2.4. Assay for ATPase and polyphenylalanine synthesis 
The ribosome-activated ATPase activity was measured 
in 50/zl of a reaction mixture comprising 50 mM Tris-HC1 
(pH 8.5), 20 mM KC1, 5 mM magnesium acetate, l0 mM 
2-mercaptoethanol, 0.05 A260 unit (1.15 pmol) of ribo- 
somes, 25 to 250 ng (0.2 to 2 pmol) of EF-3, and 0.1 mM 
.~_ 32 P-ATP (0.37 MBq; Amersham, UK). After incubation 
for 30 min at 30°C, the reaction was terminated by the 
addition of 100 /zl of 1 M HC104 and 3 mM KHEPO 4. 
After transfer of 120 /zl aliquots to 120 /zl of 100 mM 
Na2MoO 4, ATPase activity was monitored by extraction 
of free 32 P-phosphate from the reaction mixture by iso- 
propylacetate followed by determination f radioactivity. 
Polyphenylalanine synthesis was measured in a reaction 
volume of 100/xl, containing 50 mM Tris-HCl (pH 7.5), 8 
mM Mg(CHaCOO) 2, 40 mM KC1, 1.38 mM ATP, 0.17 
mM GTP, 5 mM 2-mercaptoethanol, 0.5 mM dithio- 
threitol, 2.5% (v/v)  glycerol, 1 mM spermidine, 15 /zg of 
poly(U), 0.5 A260 unit (11.5 pmol) of yeast ribosomes, 40 
pmol of EF- 1 a, 2 pmol of EF-2, 1.6 or 3.2 pmol of EF-3, 
2.5 A260 of yeast tRNA, 1.0 /zg of phenylalanyl-tRNA 
synthetase and 9.25 × 103Bq (530 pmol) of [14C]phenyl- 
alanine. After incubation for 15 min at 25°C, 0.9 ml of 
ice-cold 3.75% perchloric acid was added to the reaction 
mixture which was then incubated for 15 min at 90°C. 
After cooling, the mixture was adsorbed onto a GF/C  
filter (Whatman Ltd., Maidstone, UK). After washing with 
0.2 N HC1 twice and ethanol once, the radioactivity re- 
maining on the filter was measured. 
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2.5. Disruption of the TEF3 gene followed by its rescue 
with a single-copy plasmid harbouring the mutated TEF3 
gene 
A strain carrying null mutations of  the TEF3 gene was 
generated by a single-step gene disruption [7]. The intemal 
ClaI-BgllI fragment in the 3.93 kb of  the TEF3 gene was 
replaced with the LEU2 gene from YEp l3 .  A diploid S. 
cerevisiae YPH501 (ura3-52, trp1A63, leu2A1, 
his3A200) was transformed with the resultant l inearized 
TEF3-LEU2 fragment. A single gene disruption was proven 
with Southern blot experiments of chromosomal DNA 
derived from the leucine-prototrophic transformants. After 
transformation of  the resulting diploid leucine prototroph 
with p195-TEF3, a TEF3 null haploid mutant harbouring 
p195-TEF3 was isolated by tetrad dissection. The resultant 
haploid yeast cells were transformed with pRS414-TEF3 
and pRS414-MO1 to -M05. The leucine and uracil pro- 
totrophs were next grown on agar plates containing 5-flu- 
oro-orotic acid (5-FOA) medium for plasmid shuffling, 
whereby only the leucine prototrophs harbouring pRS414 
derivatives were identif ied [8]. 
3. Results 
3.1. Production of EF-3 protein in E. coli cells 
The ATP binding moti f  consists of  the consensus se- 
quence GXXGXGKT that can be found in several nu- 
cleotide-binding protein famil ies [4]. To investigate the 
roles of the two ATP-binding motifs of  EF-3, the con- 
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Fig. 1. The wt and mutated EF-3 proteins. A: Mutation of the conserved amino acid residues in the ATP-binding motifs of EF-3. The locations of the 
regions homologous to the E. co!i $5 ribosomal protein and the a.a.-tRNA, the Walker A and B motifs, and the C-terminal lysine-rich tail as shown by 
polyK are indicated together with number of the amino acid residues. The amino acid sequences of the two ATP-binding (Walker A) motifs are shown, in 
which the conserved amino acid residues are indicated by bold letters. The amino acid substitutions in these ATP-binding motifs are shown for the 5 
mutated EF-3 proteins M01p to M05p. B: Isolation of the wt and mutated EF-3 proteins produced in E. coli using GST-sepharose chromatography. 
Isolation of the wt EF-3 from S. cerevisiae was as described previously with only minor modification [9]. Preparation of the wt and mutated EF-3 proteins 
was shown in Section 2. Molecular weight markers are shown in the lane at the left end (112 K: /3-galactosidase, 79.5 K: bovine serum albumine, 45 K: 
ovalbumin, 36 K: carbonic anhydrase); lanes 1 and 2, the wt EF-3 from S. cerevisiae and E. coli, respectively; lanes 3-7, the mutated EF-3 proteins 
M01p, M02p, M03p, M04p, and M05p, respectively. Lanes 8-11, the wt EF-3 and the mutated EF-3s M01p, M02p and M03p, which were detected by 
immunostaining using the monoclonal antibody 6A10. EF-3 protein bands are indicated by the arrow. 
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served amino acid residues, glycine and lysine, were re- 
placed with the homologous amino acid residues, valine 
and arginine, respectively (Fig. 1A). The wt and 5 mutated 
EF-3s were produced as a fusion protein with GST in E. 
coli harbouring the corresponding expression plasmid and 
then were purified using affinity chromatography as de- 
scribed in Section 2. The mature form of the wt EF-3 from 
S. cerevisiae migrated with an apparent molecular mass of 
125 kDa (Fig. 1B, lane 1). In contrast, the wt and mutated 
EF-3 proteins showed two bands at 125 and 120 kDa on 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
when they were purified from E. coIi (Fig. 1B, lanes 2-7). 
Since the monoclonal antibody 6A10 specific for EF-3 
could detect both protein bands (Fig. 1B, lanes 8-1 I), the 
120 kDa protein seems to be a truncated EF-3 protein and 
the 50 and 80 kDa protein bands detected by Coomassie 
blue staining are impurities. 
3.2. The mutation of either the conserved glycine or lysine 
in the two ATP-binding motifs of EF-3 results in loss of the 
ribosome-activated ATPase activity 
The ATPase activity of EF-3 is strongly activated in the 
presence of ribosomes [9]. We have examined the effect of 
a point mutation of either the glycine or the lysine located 
in the two ATP-binding motifs of EF-3 on the ribosome- 
activated ATPase activity. Potentiation of ATPase activity 
was determined by combining 0.05 A260 unit (l.15 pmol) 
of ribosomes and various amounts of EF-3 (0.5 to 2 pmol) 
as shown in Fig. 2. Under the standard conditions as 
described in Section 2, 1 pmol of the natural EF-3 from S. 
cerevisiae hydrolyzed about 2.8 nmol of ATP in the 
presence of 0.05 A 26o unit of ribosomes. In the absence of 
ribosomes, 1 pmol of EF-3 hydrolyzed 0.18 nmol of ATP. 
When EF-3 was prepared from E. coli, the recombinant 
protein showed slightly lower ribosome-activated and 
three-fold higher intrinsic ATPase activities than those of 
the natural EF-3 (Fig. 2). Next, we compared the ribo- 
some-activated ATPase activities of the wt and mutated 
EF-3s produced in E. coli. All the mutated EF-3s, M01p 
to M05p, showed almost negligible ribosome-activated 
ATPase activity, even though the intrinsic ATPase activity 
was unimpaired (Fig. 2). Thus, the conserved glycine and 
lysine residues of the ATP binding motifs are indispens- 
able for the ribosome-activated ATPase activity of EF-3. 
3.3. Effect of the point mutation of EF-3 on polyphenyl- 
alanine synthesis on yeast ribosomes 
The ribosome-activated ATPase activity of EF-3 has 
been reported to be linked to polyphenylalanine synthesis 
on the yeast ribosome [9]. We have monitored poly(U)-de- 
pendent polyphenylalanine synthesis with various combi- 
nations of elongation factors and ribosomes from S. cere- 
visiae. When the recombinant EF-3 prepared from E. coli 
A 4 
J~ 
p, 
< 
1 
. . . . . . . . .  -o 
0 
0.0 1.0 2.0 
pmol (EF-3) 
12:t I 
1. I
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Fig. 2. ATPase activity of the wt and mutated EF-3 proteins dependent on
yeast ribosomes. A: The ATPase activities of the wt EF-3s from S. 
cerevisiae (0) and the recombinant E. coli (11), and of the mutated 
EF-3s M01p (IZ]), M02p (zx), M03p (O), M04p (X), and M05p (A) 
were determined asdescribed inSection 2. ATPase activities of the EF-3s 
in the presence and absence of ribosomes are shown by straight and 
broken lines, respectively. B: The ATPase activities of wt and mutated 
EF-3s shown in Fig. 2A are expressed as a bar graph. The activity 
expressed by 0.8 pmol (1) and 1 pmol (2) to (7) of EF-3 was determined 
in the absence (striped bars) and the presence (closed bars) of 1.15 pmol 
ribosomes. The wt EF-3s were from S. cerevisiae (1) and the recombi- 
nant E. coli (2); the mutated EF-3s from M01p (3), M02p (4), M03p (5), 
M04p (6), and M05p (7). 
was added to the assay system, 25 pmol of phenylalanine 
was polymerized in the presence of 1.6 pmol of EF-3, 
which was close to that of the natural EF-3 from S. 
cerevisiae (data not shown). In the absence of EF-3, no 
phenylalanine was incorporated into polymer (data not 
shown). 
Next, we have examined whether or not the point 
mutations in the two ATP-binding motifs of EF-3 impair 
polyphenylalanine synthesis on yeast ribosomes. As ex- 
pected, each of the mutated EF-3s M01p, M02p and M03p 
having negligible ribosome-activated ATPase activity failed 
to polymerize phenylalanine in vitro. In contrast, the EF-3 
mutants M04p and M05p are involved in the synthesis of 
polyphenylalanine at levels lower than that of the wt EF-3 
(Fig. 3). 
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Fig. 3. Effect of mutation in tile ATP-binding motifs of EF-3 on 
polyphenylalanine synthesis. Polyphenylalanine synthesis inthe presence 
of the wt EF-3 (Q) and the mutated EF-3s M01 (ix), M02 (1~), M03 
(X), M04 ( • ), and M05 ( • ) from recombinant E. coli are determined as 
described inSection 2. 
3.4. A point mutation did not rescue the TEF3 null mutant 
of S. cerevisiae 
The TEF3 gene is essential for the growth of S. cere- 
visiae [3]. We have examined the effect of a point muta- 
tion of the glycine and lysirte of EF-3 on the growth of S. 
cerevisiae. Expression plasmids were constructed for the 
wt and mutated EF-3 proteins in YEplac195 and pRS414 
vectors harbouring URA3 and TRP1 markers, respectively. 
The TEF3 null mutant harbouring p195-TEF3 was trans- 
formed with pRS414-TEF3 and pRS414-MO1 to -M05, 
and the cell growth of the transformants at 30°C was 
monitored on agar plates containing 5-FOA to determine 
whether or not the mutated TEF3 gene could rescue the 
Table 1 
Growth of the TEF3 null mutants harbouring pRS414-TEF3 or pRS414- 
M01 to -M05 
TEF3 
gene 
Growth of TEF3 null mutants harbouring 
the mutated TEF3 gene 
5-FOA medium 5-FOA medium 
without 5-FOA 1 day 3 days 
1 day 3 days 
TEF3 (wt) + + + + + + + + 
MOI  + + + + + + 
M02 - - + + + + 
M03 - - + + + + 
M04 - - + + + + 
M05 - - + + + + 
+ + : growth, + : poor growth, + : slight growth, - : no growth. 
The TEF3 null mutants harbouring p195-TEF3 and each of pRS414-TEF3 
and -M01 to -M05 were grown on agar plates containing 5-FOA medium 
[8] at 30°C for 1 and 3 days. "lhe TEF3 null mutants grown in this 
condition retained the pRS414-based plasmid, but lost p195-TEF3. When 
mutant cells were grown in agar plates containing 5-FOA medium 
without 5-FOA, both plasmids were retained. 
TEF3 null mutant. As shown in Table 1, the wt TEF3 gene 
rescued the TEF3 null mutant of S. cerevisiae, but four of 
the mutated TEF3 genes, M02, M03, M04 and M05, did 
not; the TEF3 null mutant harbouring pRS414-M01 grew 
extremely slowly (Table 1). These results indicate that the 
two ATP-binding motifs of EF-3 are essential for cell 
growth of S. cerevisiae. 
4. Discussion 
The ribosome-activated ATPase activity of EF-3 is 
required for yeast protein synthesis; it stimulates EF-1 
a-dependent binding of a.a.-tRNA to the ribosome, main- 
taining the high fidelity of the mRNA decoding process 
[3,9,10]. When EF-3 binds to a yeast ribosome, its ATPase 
catalytic activity (Kca0 and binding affinity (K  m) are 
increased [2]. As evidenced by this increased stability of 
EF-3 during proteolysis, the binding to a yeast ribosome 
induces a conformational change in the EF-3 molecule [2]. 
The Walker motif A of EF-3 was recently shown to be 
involved in the binding with ATP (F. Hamada, K. Ogawa 
and M. Miyazaki, personal communication). We have 
demonstrated here that a point mutation within a single 
ATP-binding motif of EF-3 impaired most of the ribo- 
some-activated ATPase activity of EF-3 and reduced its 
intrinsic ATPase activity (Fig. 2). The conserved residues 
glycine463 and 701 and lys ine 469 and 707 probably play critical 
roles in the binding with ATP, affecting the potentiation of 
ATPase activity by association with a ribosome and, con- 
sequently, the biological function of EF-3 in vitro and in 
vivo. 
A repeat of the ATP-binding motif is required for the 
ribosome-activated ATPase activity of EF-3, although a 
single ATP-binding motif is enough to exhibit ATPase 
activity in most members of the ATP-binding cassette 
superfamily of proteins [5]. This observation suggests that 
the ATP-binding motif seems to be functional when it is 
present in either duplicate form or dimer form. 
A point mutation of the glycine at either the 463 or 701 
position impaired the ribosome-activated ATPase activity 
of EF-3 and its synthesis of polyphenylalanine (Figs. 2 and 
3). Indeed, pRS414-M02 and-M03 did not rescue the 
TEF3 null mutant. In contrast, pRS414-MO1 only partially 
rescued the growth of the TEF3 null mutant (Table). This 
result indicates that the mutation in EF-3 from glycine 463 
to valine permits functioning of protein synthesis ufficient 
only to support very slow growth of the TEF3 null mutant 
in vivo. We also observed a similar phenomenon when the 
C-terminal 56 amino acid residues containing a lysine-rich 
sequence were removed from EF-3. Namely, the S. cere- 
visiae TEF3 null mutant harbouring an expression plasmid 
for the C-terminal truncated EF-3 grew relatively slowly as 
compared with the TEF3 null mutant harbouring an ex- 
pression plasmid for the wt EF-3, even though the C-termi- 
nal truncated EF-3 produced in E. coli did not show any 
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ribosome-activated ATPase activity or polyphenylalanine 
synthesis activity (data to be published elsewhere). There 
are two possible explanations, as follows: (1) The M01p 
and C-terminal truncated EF-3 produced in E. coli may be 
slightly different from that produced in S. cerevisiae in 
terms of 3-D structure or post-translational modification. 
(2) Both of the in vitro systems for ribosome-activated 
ATPase and polyphenylalanine synthesis probably require 
some additional components or different experimental con- 
ditions to reflect he result in vivo. 
At the same time, both M04p and M05p mutants re- 
vealed negligible ribosome-activated ATPase activity and 
failed to rescue the TEF3 null mutant (Fig. 2 and Table 1). 
On the contrary, both of these EF-3 mutants retained 
partial activity for polyphenylalanine synthesis. The negli- 
gible level of the ribosome-activated ATPase activities of 
M04p and M05p (Fig. 2B) probably contributes to the 
polymerization f phenylalanine in vitro. Indeed, we found 
that the low level of the ribosome-activated ATPase activ- 
ity is sufficient for poly(U)-dependent polyphenylalanine 
synthesis in S. cerevisiae. Although an EF-3 mutant hav- 
ing Asp substituted for Gly 46° revealed very low ribo- 
some-activated ATPase activity, it was active for polyU- 
dependent polyphenylalanine synthesis in vitro at 30°C. 
The S. cerevisiae harbouring the mutant TEF3 gene 
(G460D) showed a temperature-sensitive ph notype (Data 
to be published). Since pRS-M04 and -M05 did not rescue 
the TEF3 null mutant, the polymerization products gener- 
ated by M04p and M05p are probably different from that 
produced in the presence of the wt EF-3, that is, the 
mutant products may be shorter in size or be an intermedi- 
ate (oligophenylalanyl-tRNA) formed during polymeriza- 
tion, which cannot contribute to protein synthesis in vivo. 
A functional assay for protein synthesis in the presence of 
M04p and M05p will be required to clarify this discrep- 
ancy between the in vivo and in vitro findings. 
The conformation of EF-3 seems to be changed by its 
association with a ribosome to potentiate ATPase activity 
[2]. The EF-3 proteins mutated in the ATP-binding motifs 
will provide powerful tools to analyse the effects of the 
binding of ATP to EF-3, the association with a ribosome, 
and the ATPase activity of EF-3. All of this information is
required to elucidate the molecular mechanism whereby 
EF-3 induces the ribosome-activated ATPase activity, 
which is necessary for understanding fungal protein syn- 
thesis. 
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